This paper uses a static and dynamic gravity model of trade to investigate the link between German development aid and exports from Germany to the recipient countries. The findings indicate that, in the long run, German aid is associated with an increase in exports of goods that is larger than the aid flow, with a point estimate of 140% of the aid given. In addition, the evolution of the estimated coefficients over time shows an effect that is consistently positive but that oscillates over time. Interestingly, after a decrease in the 1990s, the estimated coefficients of the effect of aid on trade show a steady increase in the period between 2001 and 2005. The paper distinguishes among recipient countries and finds that the return on aid measured by German exports is higher for aid to countries considered 'strategic aid recipients' by the German government. We also find some evidence that aid given by other EU members reduces German exports. JEL classification: F10; F35.
INTRODUCTION
The United Nations Millennium Development Goals (MDG8) are to promote growth and to reduce poverty in developing countries. In support of this effort, MDG8 calls for a new partnership for development, encompassing the goal of providing higher levels of aid to countries committed to poverty reduction. In recent decades, a great deal of research effort has been devoted to investigating the effects of development assistance on the economic performance of the recipient countries (e.g. Burnside and Dollar, 2000; Hansen and Tarp, 2001) and to clarifying the recent debate on how aid can help increase the level of exports from developing countries, in line with the 'aid for trade' concept (Morrissey, 2006) .
Although promoting economic development is one of the main objectives of foreign-aid programs, the motivations for giving aid are diverse and include historical ties and political and strategic goals, as well as consideration of the economic interests of aid-giving countries (Alesina and Dollar, 2000) .
Given that the economic interests of aid-giving countries play a role in aid allocation, it is surprising that only a few authors have investigated the economic effects of aid from a donor's perspective (Berthélemy, 2006; Berthélemy and Tichit, 2004; McKinlay, 1978; McKinlay and Little, 1979) . In particular, the question arises as to whether the Official Development Assistance (ODA) promotes exports from donors to recipient countries (Nilsson, 1997; Osei et al., 2004; Wagner, 2003) . This question is of special interest to Germany since the German government is committed, according to EU plans, and in line with various international commitments, to increase its official development aid to 0.7% of GDP by 2015. In the late 1990s and early 2000s, German ODA was below 0.3% of GDP, rising to 0.37% (or about US$9 billion) in 2005. To reach the goal of 0.7% and accounting for economic growth in the interim will imply that German ODA must more than double in real terms in the next eight years.
A few studies have investigated the impact of aid on exports from the donor countries and generally found quite sizable effects. The study with the largest effect is by Vogler-Ludwig et al. (1999) . Using data for the period 1976 through 1995 and simple ordinary least squares (OLS) panel regressions, the authors found that US$1 spent on ODA increased exports by US$4.3. The purpose of this paper is to address this issue more comprehensively by using a longer time horizon, a much larger country sample, a more comprehensive set of control variables and more advanced panel econometric techniques than previous studies, as well as using a number of robustness checks and fixed effects for country groups and different time periods. We estimate a static and a dynamic gravity model of German exports to 138 recipients augmented with development aid for the period 1962-2005. To summarize our main results, we find that the increase in exports flowing from German aid is somewhat more moderate: around US$1.4 increase of exports for every aid dollar spent, which is lower than the estimates from previous studies. In addition, the effect is greater for developing countries that are target countries of the German Ministry of Development (so-called 'BMZ countries'), i.e. countries where German aid is given based on agreements between the German government and the recipient-country government. 1 The overall effect is remarkably robust but oscillates over time. It is always positive and has increased in recent years (after a decline in the 1990s). Interestingly, we find some evidence that aid from other EU countries displaces German exports (while presumably promoting exports from those countries), although that effect is not significant in our preferred specifications.
Section 2 presents the theoretical background. Section 3 reviews the recent literature on trade and aid. Section 4 discusses the structure of German aid over time and across recipients. Section 5 presents the model specification, data sources and variables, and main results. Finally, Section 6 presents the conclusions.
THEORETICAL BACKGROUND
In international trade theory, researchers have long studied the welfare implications of bilateral transfers for donor and recipient countries. The first public discussion of this topic was the Keynes-Ohlin debate in relation to the paradoxical effects of German reparations (Keynes, 1929a (Keynes, , 1929b (Keynes, , 1929c Ohlin, 1929a Ohlin, , 1929b . Leontieff (1936) also raised the possibility of transfer paradoxes in that foreign aid can be donor-enriching and recipient-immiserizing; these effects arise due to terms-of-trade effects associated with the aid flows. Since then, the theoretical literature on transfer paradoxes has been extended to cover more general settings and the findings indicate that while such paradoxes can still occur under certain conditions, both donors and recipients can benefit from aid transfers (Bhagwati et al., 1983 (Bhagwati et al., , 1984 Bhagwati, 1981, 1982; Gale, 1974) . Bhagwati et al. (1984) present an early survey of this literature.
More recently, Djajic et al. (2004) studied the welfare implications of temporary foreign aid in the context of an intertemporal model of trade and already considered the impact of aid on donor exports. They find that the net benefits of an aid transfer may change over time for both the donor and the recipient. Assuming economic and political stability in the recipient country, a temporary transfer of income in the first period improves Period One welfare of the recipient and lowers that of the donor. But in the presence of habit-formation effects, aid in Period One may serve to shift preferences of the recipient in favor of the donor's export goods in Period Two. When the terms-of-trade effect associated with this shift is sufficiently large and the real 1. Other developing countries also receive aid, but through different channels, such as funding from private foundations that receive support from the German government, government scholarships to students from these countries to study in Germany and government support for German NGOs providing emergency assistance and other project support in that country. In these cases, the aid flow was not a result of German aid policy targeted to that particular country but rather an outcome of the policies and processes of these different programs. rate of interest is sufficiently low, the second-period welfare gain of the donor (at the expense of the recipient) overshadows its Period One loss. In addition, this transaction also results in a net increase in the welfare of the recipient country if the real rate of interest used to discount the Period Two loss is sufficiently high, making its present value smaller than the Period One gain.
In this paper we focus exclusively on the effect of aid on the donor's exports. With this aim and taking into account the above-mentioned theoretical considerations, we expect that, in the context of an intertemporal model of trade, development aid could lead to an increase in the donor's exports for several reasons. First, there might be an impact as a result of the fact that a considerable share of donor aid in the time period we analyze was previously tied to exports from the donor country. Up until the 1990s, approximately 50% of the donors' development aid was tied to exports. However, this number is much smaller today and, for the German case, amounts to only 7% of development aid [Development Assistance Committee (DAC); OECD, 2008] . While tied aid is on the decline and now rarely given, it might have an effect. This 'tied aid' effect would clearly be smaller than the amount of aid sent, as a considerable share of aid is spent paying local labor, funding technical assistance and purchasing local supplies, and would thus not show up as exports from the donor country. Second, we hypothesize that there may be habit-formation effects in the sense that donor-funded exports for aidrelated projects might increase the proclivity of recipient countries to buy goods from the donor, as discussed in the model of Djajic et al. (2004) . Such an effect would go beyond tied aid and might be much larger than the direct effect of tied aid. Third, we assume that the aid relationship promotes a trade relationship in the sense that it creates 'goodwill' towards donor exporters, and as donor countries might often combine aid missions and negotiations with trade missions, the aid relationship might 'open the door' for donor exporters.
In order to evaluate the total effect that could arise out of tied aid, habit formation or goodwill effects of aid on exports empirically, below we apply a gravity model of trade as a basic framework. Solid theoretical foundations that provide a consistent base for empirical analysis have been developed in the past three decades for this model (Anderson, 1979; Anderson and van Wincoop, 2003; Bergstrand, 1985) . The major contribution of Anderson and van Wincoop (AvW) was the appropriate modeling of trade costs to explain bilateral exports. The AvW model has been extended recently to applications explicitly involving developed and less developed countries by Nelson and Juhasz Silva (2007) . They present an extension of AvW to the asymmetric north-south case and derive some implications related to the effect of aid on trade. Their results indicate that if the economy of a donor country (GDP) is larger than that of the recipient country by at least the monetary value of the foreign aid, there is an increase in exports from the larger country to the smaller one. The intuitive rationale behind this effect is that as a result of the transfer, the two countries become more similar in size, and the more similar in size the two countries are, the more they trade with one another.
EMPIRICAL LITERATURE ON AID AND TRADE
We now turn to the existing empirical literature on aid and trade. There is a vast literature on the determinants of aid allocation (e.g. Berthélemy, 2006; Berthélemy and Tichit, 2004; Fleck and Kilby, 2006; Maizels and Nissanke, 1984; McKinlay, 1978; McKinlay and Little, 1979) . With respect to the impact of trade on aid allocation, Berthélemy (2006) used bilateral exports as a percentage of the donor GDP as one of the proxies for 'the self-interest-ofdonor argument'. The dependent variable is aid commitments rather than aid disbursements, because according to the author (and as discussed in the related literature) this variable reflects the donor decisions. They obtain a positive influence of trade linkages on aid allocation and identify three clusters of donors according to the estimated elasticity of aid to trade intensity: altruistic, moderately egoistic and egoistic. Germany is classified in the middle group, with an estimated elasticity of aid to exports of 0.29, which is significant at the 1% level. Since this literature indicates that the aid and trade link can also go from exports to development aid, we will need to deal with the simultaneity bias issue in the empirical section of the paper.
In the remainder of the literature review, in line with the focus of our study, we concentrate on the reverse causal link, i.e. from trade to aid flows. In recent years, a number of researchers have investigated the relationship between aid and bilateral trade flows from donors to recipients. Some of them focus on quantifying the impact of donors' aid on trade. Since in many cases aid was once contingent upon purchasing goods from the donor, tied aid may automatically create such export effects (Michaelowa, 1997) .
The recent literature on the effect of aid on exports from donor countries has been divided. Most studies use the gravity model of trade as the empirical framework. Among those who found a positive effect of aid on trade was Nilsson (1997) , who analyzed the link between aid and exports for European Union donors to 108 recipients. He estimated a static specification of the gravity model for the period 1975-92 (three-year averages) and found an elasticity of exports with respect to aid of 0.23 that translates into a US$2.6 increase of exports for each dollar of aid given. He also computed donors' specific elasticities, and for Germany the return on foreign aid was a US$3.16 increase in exports for each dollar of aid given. Wagner (2003) also used a gravity model of trade to investigate the effect of aid on trade for 20 donors to 109 recipient countries for the years 1970-90. He obtained elasticities of trade with respect to aid in the range of 0.062 [for fixed-effects (FE) specification] to 0.195 (for the pooled OLS). The estimated average return on donors' aid according to the OLS (FE) result was US$2.29 in OLS (US$0.73 in FE) of exports per dollar of aid. The author also obtained estimates using a non-linear model in order to decompose the direct and indirect effects of aid on trade. He found that the direct effect was only a 35-cent increase and much lower than the indirect effect (98 cents). In addition, he concluded that the effect of past aid on trade was positive although very small (18 cents) and for Germany the return In the second subset of the literature, we find some studies that deviate from the gravity model framework. A few authors studied the direction of the causality by using Granger causality tests. On the one hand, Arvin et al. (2000) examined the direction of the causality between untied assistance and exports using German data for the period 1973-95. Their findings provide some support for the export-promotion hypothesis whereby untied aid disbursements generate goodwill for the donor. On the other hand, Lloyd et al. (2000) examined data on aid and trade flows for a sample of four European donors and 26 African recipients over the period from 1969 to 1995. Using Granger causality tests, they found evidence showing that trade Granger-caused aid in 14% of the country pairs, aid Granger-caused trade in 13% of the cases and bidirectional causality was found in 8% of the pairs. Further, they find that a more common link is that trade relations are a factor influencing donor allocation, rather than that aid generates these trade relations. Along the same lines, Osei et al. (2004) extended the analysis to more countries and also found no evidence that aid generates trade when testing for the relationship between aid and trade for different subsamples, although donors providing a higher share of aid tend to trade more with the recipients. They conclude that donors appear to be concerned with relative aid and trade shares rather than absolute volumes. In this study, we consider a much larger sample of countries and use a panel-data approach that is particularly appropriate in situations when the number of cross-section observations is large and one is particularly interested in identifying an average effect. 2 Our challenge and contribution in this paper is to consider the dynamic effects of aid, as in the second strand of the literature, but relying on the gravity model of trade, as in the first strand of the literature. In addition, we will examine a longer time period, more recipient countries, more covariates and a more advanced econometric framework, and will use extensive robustness checks.
THE VOLUME AND STRUCTURE OF GERMAN AID
The standard used to measure development funding is the ODA as a percentage of gross national income (ODA/GNI ratio). The repository of official information on aid is the Development Assistance Committee (DAC) of the OECD. DAC used to distinguish between two types of recipients: Part I [least developed (LDC), low-and middle-income countries] and Part II (transition and high-income countries). Because of frequent changes in those lists, in 2005 the DAC therefore decided to revert to a single List of ODA Recipients, abolishing Part II.
Development aid has to satisfy three criteria to be classified as ODA. First, it has to be undertaken by official agencies. Second, the main objective of aid has to be the promotion of economic development and, third and finally, it has to have a grant element of at least 25%. It is worth noting that neither private aid given by non-governmental organizations nor military aid is considered part of ODA.
ODA is further classified into bilateral ODA (given directly by a donor country) and multilateral ODA (given by an international institution such as the World Bank or the United Nations). As with most studies on aid, we focus on bilateral ODA, but specifically, that given by Germany. We also consider the effect of bilateral ODA given by EU members (excluding Germany). We do this to find out whether a specific bilateral aid relationship could also be affected by the bilateral aid relationships of other individual donor countries. In particular, we hypothesize that aid from other EU members might displace exports from Germany and thus have a negative effect.
How much does Germany spend on development? The German ODA-to-GNI ratio over the period from 1964 to 2005 varied between 0.47% in the early 1980s and 0.26% in 1999. Aid flows increased in the late 1970s and decreased in the 1980s and 1990s. After 1999, aid flows started increasing again. In terms of relative importance, in the past three decades Germany has been among the five most important donors in terms of bilateral aid. According to OECD figures, German bilateral aid accounts for around 10-15% of the total bilateral aid.
Concerning the geographical distribution, German aid is more evenly distributed among recipients than is aid from the other donors. A higher percentage is directed to Sub-Saharan Africa, the Middle East, and North Africa, especially in the most recent years, whereas aid shares to Latin America and Asia show a decreasing trend.
SPECIFICATION AND ESTIMATION OF THE GRAVITY MODEL

Model specification
The gravity model of trade is nowadays the most commonly accepted framework to model bilateral trade flows (Anderson, 1979; Anderson and van Wincoop, 2003; Bergstrand, 1985) . According to the underlying theory, trade between two countries is explained by nominal incomes and the populations of the trading countries, by the distance between the economic centers of the exporter and importer and by a number of trade impediment and facilitation variables. Dummy variables, such as trade agreements, common language or a Does German Development Aid Promote German Exports? r 2009 The Authors Journal Compilation r Verein für Socialpolitik and Blackwell Publishing Ltd. 2009 common border, are generally used to proxy for these factors. The traditional gravity model is specified as
where Y i (Y j ) indicates the GDPs of the exporter (importer), POP i ( POP j ) are exporter (importer) populations, DIST ij is the geographical distance between countries i and j, and F ij denotes other factors impeding or facilitating trade (e.g. trade agreements, common language or a common border).
The gravity model has been widely used to investigate the role played by specific policy or geographical variables in explaining bilateral trade flows. Consistent with this approach and in order to investigate the effect of development aid on German exports, we augment the traditional model with bilateral aid from Germany and other EU countries and also with exchange rates. 3 Usually, the model is estimated in log-linear form. Taking logarithms in equation (1), restricting the income and population coefficients to be equal (a 1 5 a 2 and a 3 5 a 4 ) and introducing time variation, the static specification of the gravity model is
where L denotes variables in natural logs and X jt are the exports from Germany to country j in period t in current US dollars; LYY Tt 5 ln(Y Gt Â Y jt ), where Y Gt and Y jt indicate Germany's and the recipient's GDP, respectively, in period t at current PPP US dollars; LPOP Tt 5 ln( POP Gt Â POP jt ), where POP Gt and POP jt denote the population of Germany and country j, respectively, in period t in thousand inhabitants; DIST ij is the great-circle distance between Germany and country j; EXRN jt is the nominal bilateral exchange rate in monetary units of the recipient currency per euro; BAIDG jt is the bilateral official gross development aid from Germany to country j in current US dollars; and EUAID jt is the EU official gross development aid by EU countries (except Germany) to country j in current US dollars.
The model includes dummy variables for African, Caribbean and Pacific trading partners sharing preferential trade agreements with the EU ( PTA), for independent countries (INDEP) and for countries belonging to the GATT/ WTO (WTO); it is important to note that all these variables are time-varying as independence, membership in PTA and GATT/WTO trade agreements occurred during the time period studied for many countries. f t are specific time effects that control for omitted variables common to all trade flows but that vary over time. d j are importer effects that proxy for multilateral resistance factors. When these effects are included, the influence of the variables that vary only with the 'j' dimension cannot be directly estimated. This is the case for distance; therefore, its effect is subsumed in the country dummies. Since the variable of interest is development aid, the income and population coefficients are restricted to be equal.
Considering that trade relations once established might last for a long time, it makes sense to consider that current export volumes also depend on past exports. Therefore, we estimate a dynamic version of equation (2). In order to model dynamics, we consider the introduction of the Koyck geometric lag structure that includes the lagged dependent variable as an additional regressor. The main problems of this specification are related to the statistical difficulties caused by the combination of an endogenous regressor (lagged exports) and autocorrelated errors. As a result, the OLS estimates are biased and inconsistent (the coefficient of the lagged dependent variable is biased towards unity, whereas the remaining coefficients are biased towards zero).
Nevertheless, these difficulties can be overcome using more sophisticated estimation techniques that control for endogeneity of the explanatory variables and for autocorrelated errors. The dynamic specification is given by
where most of the variables are described above and X j,tÀ1 is exports from Germany to country j in period t À 1 in current US dollars. According to equations (2) and (3), we are assuming that the relationship between German aid and German exports is linear. This is plausible upon inspection of a scatter plot between both variables (available on request) and also given the small magnitude of the aid figures in comparison with the export figures. Specification tests also rejected the inclusion of a quadratic aid-term in the estimated equation.
As discussed above, there might be another endogeneity issue referring to aid being 'caused' by exports, rather than the reverse. This is an issue we will take up below, where we report on further robustness and specification checks using different methods.
Data sources and variables
Official Development Aid data are from the OECD Development Database on Aid from DAC members. We consider gross ODA disbursements in current US dollars, 4 instead of aid commitments, because we are interested in the funds actually released to the recipient countries in a given year. Disbursements record the actual international transfer of financial resources or the transfer of goods or services valued at the cost to the donor. Bilateral exports are obtained from the UN COMTRADE database. Data on income and population variables are drawn from the World Bank (World Development Indicators Database, 2007) . Bilateral exchange rates are from the IMF statistics. Distances between capitals have been computed as great-circle distances using data on straight-line distances in kilometers, latitudes and longitudes from the CIA World Fact Book.
Results
A static and a dynamic version of the model are estimated for data on German exports and development aid (ODA) to 138 recipient countries during the period from 1962 to 2005. Table 1 reports the main estimation results. The first and second columns show the results obtained for the static model. Individual (country) effects (modeled as fixed) are included to control for unobservable heterogeneous effects across recipients. These effects are also a proxy for the so-called 'multilateral resistance' factors modeled by Anderson and van Wincoop (2003) . Time-fixed effects are also included to model specific unobservable time effects. We rely on the two-way FE estimates, since a Wald test indicates that the individual effects are jointly significant, while a Hausman test indicates that these effects are correlated with the error term. Since our data consist of a time span of more than 40 years and a cross-section of 138 countries, we tested for the presence of autocorrelation and heteroskedasticity. The results of the Wooldridge test for autocorrelation in panel data and the LR test for heteroskedasticity indicate that both problems are present in the data. Hence, given the strong rejection of the null in both tests, the model is re-estimated with HAC (heteroskedastic and autocorrelated consistent standard errors) that are robust to autocorrelation and to heteroskedasticity. Column (2) reports the results for the two-way FE estimates with a common AR(1) term.
With respect to the variable of interest, bilateral aid, controlling for autocorrelation slightly decreases the magnitude of the estimated coefficient from 0.088 to 0.051. The estimated coefficient is always positive and significant, indicating that a 1% increase in German aid raises German exports by 0.051%. The effect is small compared to that shown in previous studies that did not control for country and time effects, but still positive and significant. However, the estimated coefficient for the official gross development aid of other EU members is negative and statistically significant in the first specification, whereas it is not statistically significant when controlling for autocorrelation. This suggests that Germany does not benefit from aid given by other EU members and might actually be hurt by it. In fact, when other EU countries give higher amounts of aid, the 'goodwill' and 'habit formation' factors mentioned above could promote those countries' exports generating an indirect negative effect on German exports.
Most of the other variables present the expected sign and are statistically significant. The explanatory power of the model is good, since the variables I. Martínez-Zarzoso et al. 
Notes:
The first two columns present estimations of the static model, and columns (4)-(6) the dynamic model. Columns (2) and (3) denotes a common AR(1) term that was added to the regressions in column (2).
t-Statistics
reported.
a Bhargava et al. (1982) , Durbin-Watson (DW) indicates that first-order autocorrelation is no longer present.
included explain approximately 70% of the variation of German exports. The coefficient of total income is positive and significant and slightly lower than the theoretical value of unity. The coefficient of total population is negative and statistically significant at the 5% level in the first specification without controlling for autocorrelation and heteroskedasticity. The same holds for the coefficient of the bilateral exchange rate that has a negative coefficient that is only statistically significant when autocorrelation and heteroskedasticity are not controlled for. The negative sign indicates that depreciation of the euro (a decrease in the exchange rate) with respect to the recipient currencies would, as to be expected, have a positive effect on German exports. The effect of distance could not be directly estimated in the two-way FE estimation. Since distance is constant over time, its effect is subsumed in the country dummies. The PTA dummy for membership in the preferential trade agreement with the EU is negative and significant, indicating that Germany exports less to PTA participating countries than to the rest of the countries in the sample, and the 'independent state' dummy presents a positive sign and is significant in both estimations. While the preferential trade agreements might promote exports from these countries to the EU, they apparently do little to promote exports from Germany to these countries. For comparison purposes, equation (2) was also estimated on data of five-year averages, to reduce the effects of temporary shocks and to avoid cyclical effects. Two main differences are encountered with respect to the estimation for yearly data. First, the effect of German aid on German exports is considerably higher in magnitude than before (0.11). Second, the coefficients of populations, EU aid and 'independent state' dummy are no longer significant, according to the RE and FE estimates. Using the results in column (2), we find that, in static terms, the average return on aid for German exports is approximately a US$0.64 increase in exports for every aid dollar spent. This average is calculated as
Columns (3)-(6) in Table 1 show the main estimation results obtained for the dynamic model [equation (3)]. In general, the estimated parameter for lagged exports is always statistically significant and with the expected positive sign pointing towards the importance of persistence in export flows. The short-term coefficients of the variables are smaller than the long-term coefficients and the latter are slightly higher than those obtained before (static model), with the signs remaining generally unchanged. Column (3) presents the parameter estimates of the dynamic model with the variables in levels. Model 3 was estimated using 2SFGLS (two-stage feasible generalized least squares) with fixed effects to control for the endogeneity of the lagged dependent variable and for heteroskedasticity and autocorrelated in the error term. The Hausman test indicates that only the within estimator 5 is consistent, since the null hypothesis (orthogonality between the individual effects and the regressors) is rejected. In addition, the 2SFGLS within estimates are less precisely (higher standard errors), but consistently, estimated.
According to the above figure, the long-term average return on aid for German exports is a US$1.4 increase in exports for every aid dollar spent. Therefore, aid appears to be export-creating when dynamics are modeled and the magnitude of the effect is higher than the one obtained using the static model.
With respect to the other variables included in the model, the expected positive coefficient for income is obtained; Germany exports more to countries with higher incomes. Population in the recipient countries shows a negative coefficient that is only significant at the 10% level in the 2SFGLS results. Aid from other EU members shows, as in the static model, a negative effect; however, this effect is not significant when controlling for autocorrelation and for endogeneity of the lagged dependent variable.
Lagged aid was initially added to the list of explanatory variables; however, we found that the corresponding estimated parameter was not significant. A similar result was found by Wagner (2003) , who stated in page 171: 'The trade benefit appears to be limited almost entirely to the year that the donation is made'. The reason for this could be that we, as well as Wagner, are using aid disbursements and it is the announcement of the policy decision (aid commitment) that is the factor primarily influencing future donor's exports, whereas the actual international transfer (disbursements) has an effect exclusively on present exports.
Next, in order to test for the stability of the estimated coefficients over time, equation (3) is estimated for eight different subperiods. Although the first-differences GMM estimator suggested by Arellano and Bond (1991) has commonly been used in the literature of dynamic panel data estimations for short time spans, when data are highly persistent, as in the case of bilateral export flows, Blundell and Bond (1998) argued that this procedure can be improved by using the system GMM estimation, which supplements the equations in first differences with equations in levels; for the former, the instruments used are the lagged levels, and for the latter, the instruments are the lagged differences. Columns (4)-(6) in Table 1 show the results using system GMM for three subperiods. We keep the number of years in each period below eight because the number of instruments tends to explode upwards with time. The use of too many instruments can over-fit endogenous variables and weaken the power of the Hansen test to detect overidentification. In the present case, the Hansen test does not reject the null hypothesis of the validity of the instruments and the autocorrelation tests indicate that second-order autocorrelation is not present in the data. The results concerning bilateral aid indicate that the return on German aid was much lower in the late 1960s and in the 1970s (around 60 cents of exports for each dollar of aid) than in the early 1980s (US$2 for each US$1 of aid) and it has been quite stable since 1986 (around US$1.5 per dollar of aid). This result is reassuring and very similar to the average effect found for the whole sample using 2SFGLS (US$1.4 per dollar of aid). These results also suggest that tied aid is not the most important driver of these export effects. While the export effects seem to have increased over time, tied aid was on the decline. As a first robustness check, we estimated equation (3) for different groups of countries in order to ascertain whether the effect of bilateral aid could vary among recipients. The groups we consider are countries where Germany has a formal aid relationship (BMZ countries), countries where aid flows are the result of state support for NGOs and private foundations doing projects or emergency relief, scholarships and training programs for people from these countries (non-BMZ countries), countries that now belong to the group of states enjoying preferential access to the EU (ACP) and least developed countries (LDCs). Since we are interested in the within-country variation and in the average long-term effect, the 2SFGLS with fixed effects provides the preferred estimates. The results are shown in Table 2 . It is worth noting that the return for exports on German aid is markedly higher for BMZ countries (US$2.33 of exports for each dollar of aid); in fact, it is almost twice the average effect for all countries. This is quite plausible as only in these countries we would expect the export-increasing effects. Also, for the group of non-BMZ countries, the coefficient of bilateral aid is not statistically significant. Finally, the return for exports is relatively low for ACP countries (0.30), and even lower for least-developed countries, for which US$1 of aid generates only 19 cents of exports. These results indicate that what might have appeared to be differences in the variances of the disturbances across groups may well be due to heterogeneity associated with the coefficient vectors. 6 A second robustness check consists of re-estimating the 2SFGLS FE model with time-variant coefficients for the bilateral aid variable. Figure 1 shows the estimates obtained. The evolution of the estimated coefficients over time shows a positive long-term trend. Interestingly, after a decrease in the 1990s, the estimated coefficients of the effect of aid on trade show a steady increase in the period between 2001 and 2005. Concerning the significance of the coefficients, only in three short periods (1965-72, 1980-84 and 1996-2000) were they not significant. In order to control for the high variation of the bilateral aid coefficients over time, we also re-estimated the model, averaging the data over five-year periods. The time effects show a decreasing trend until 1985 and, from then onward, an increasing effect of bilateral German aid on German exports (the results are available on request).
Previous studies found a larger effect of development aid on German exports. For example, we obtained a lower return on aid for German exports than Nilsson (1997) and Wagner (2003) . On the one hand, Nilsson reported an average return on aid for exports of a roughly US$2.6 increase in exports for every dollar spent, whereas in this study the average return is around US$1.5 (although larger for the BMZ countries). There are two explanations for the different results obtained. First, in Nilsson (1997) , the period under study is from 1975 to 1992, whereas we considered the period from 1960 to 2005. The larger time span gave rise to a lower average return on aid. In fact, the results from the regressions for different subperiods indicate that the return on aid was higher in the 1980s and early 1990s than it was for the early 1970s and the late 1990s. Second, in Nilsson (1997) , the data were converted to three-year averages of constant 1987 dollars and fixed effects were not included; only specific aid coefficients for donors and a trend were specified. On the other hand, the fixed-effects results obtained by Wagner (2003) implied that exports derived from a dollar of aid amount to 73 cents for a sample of 20 donors, 108 recipients and five years (1970, 1975, 1980, 1985 and 1990) . This result, in the context of a static gravity model, is close to ours [64 cents as reported in the last row of column (2) in Table 1 for the two-way FE model]. However, Wagner was not able to control for autocorrelation in the error term and our results show that controlling for it reduces the estimated elasticity. Wagner also reported the implied returns for all donors. For Germany, the return on aid was estimated at US$1.15 of exports for each dollar of aid, but these estimates were based on a non-linear relationship without fixed effects. Finally, we also considered the existence of reverse causation. Causation may run from exports to aid as well, since a strong export performance may encourage the donor country to increase its level of aid to the recipient. A way to overcome this problem is to model German aid as an endogenous variable. Therefore, we also instrumented for development aid in the 2SFGLS regression and in the GMM regressions using the lagged values of aid (in addition to instrumenting for the lagged dependent variables). 7 We then performed an endogeneity test. Under the null hypothesis that the specific endogenous regressor can actually be treated as exogenous, the test statistic is distributed as a w 2 with one degree of freedom. The results of the tests are shown at the end of column (3) in Table 1 and indicate that its null that bilateral German aid may be treated as exogenous cannot be rejected.
As an alternative robustness check, we performed the pre-tests of Osei, Morrissey and Lloyd, but using a general to specific approach. We specified a VAR model including all the 'gravity variables' and, in this context, we tested for cointegration in the full sample (138 countries). Pedroni's residual panelcointegration test indicated cointegration, i.e. the null hypothesis of 'no cointegration' could not be rejected in the majority of the cases. We also tested whether aid Granger-causes exports using an error-correction model. We found that aid Granger-causes trade in the long run. Granger causality could not be observed for the short run. We also tested whether exports Granger-cause aid. We found that exports do not Granger-cause aid in the long run. Granger causality could only be observed for the short run (results are available on request). 8 These robustness checks suggest that the results are quite robust and indeed point to the causality running from aid to exports.
CONCLUSIONS
There are three basic messages in this paper. First, German aid has a positive effect on German exports. Although the effect is not as large as predicted by previous studies, it is still relevant. Our findings indicate that the average return for exports on German aid is about a US$1.4 increase in exports for every dollar spent. Second, this effect differs among groups of recipients. The return on German aid for exports is much higher for developing countries that have a real aid relationship with Germany (BMZ countries). Third, there is some evidence that aid from other EU countries displaces German exports, although this result is significant only in a few specifications.
This investigation and the related literature suggest that the impact of aid on trade depends on the specific pair of trading countries evaluated and on the type of aid given, and also that the impact can change over time. The relationship between trade and aid can be more closely analyzed by using more donor countries, focusing on country case studies or using disaggregated aid data and sectoral trade data to have a more precise characterization of the direction of causality and the quantification of the effects. Further research would also be desirable on the interactions between development aid and the recipient's trade policy to investigate the existence of complementarities. 8. For the second causality test and according to the literature on aid allocation, it would be more reasonable to use aid commitments instead of aid disbursements, but we stuck to this specification to compare it to our own results. See also Nowak-Lehmann et al. (2008) for a more detailed examination of the impact of aid on trade using time-series approaches, also including Granger causality tests. The findings from that paper are remarkably similar to the results here, suggesting that the methods used do not drive the results. 
